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DIAGNOSIS AND TREATMENT OF HUMAN KIDNEY DISEASES 

RELATED APPLICATIONS 

This application is a continuation of U.S. Application No. 09/553,496, filed 
April 20, 2000, which claims the benefit of U.S. Provisional Application No. 
5 60/130,903, filed April 23, 1999 and U.S. Provisional Application No. 60/130,908, filed 
April 23, 1999. The entire teachings of the above applications are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

Kidney disease can be progressive, leading to end-stage renal disease and, 

10 ultimately, death. End-stage renal disease affects approximately 650,000 human 
patients each year worldwide and treatment costs have been estimated to be about 
twenty billion dollars (Klahr, S., Contrib. Nephrol 118:1-5 (1996)). 

Current methods to diagnose kidney disease and, in particular, progressive 
kidney disease, include monitoring urine for elevated protein levels and conducting 

15 renal biopsies. Available treatments for kidney disease, specifically progressive kidney 
disease, include the use of steroids, alkylating agents and cyclosporine (de Mattos, 
A.M. et al, pages 861-885, In: "Immunologic Renal Diseases," eds. Neilson, E.G. et al, 
Lippincott-Raven Publishers, Philadelphia, PA (1997)). The above mentioned 
diagnostic methods often are inadequate since significant damage to the kidney can 

20 occur prior to diagnosis. Likewise, the above mentioned treatments frequently are 

unsuccessful in halting the progression of kidney disease and, therefore, unsatisfactory, 
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since they often are accompanied by adverse side effects, such as cellular and systemic 
toxicity. 

Although animal models have been used to study some kidney diseases, animal 
models suffer from a number of limitations when extended to human kidney disease 
5 diagnosis and treatment. For example, animal models of kidney disease do not 

necessarily depict kidney disease in humans and the administration of steroids, although 
reasonably effective in the treatment of kidney disease in experimental animal models, 
are relatively ineffective in the treatment of kidney disease in humans (Siegel, N.J. et 
al, Kidney InL 25:906-911 (1984); Cronin, R.E., etaL, Am. J. Physiol. 2¥S:F332-F339 

10 (1985); Cronin, R.E., et al, Am. J. Physiol 2J7:F408-F416 (1986); Seiken, G. et al, 
Kidney Int. 45:1622-1627 (1994); Shaw, S.G. etaL, J. Clin. Invest. 50:1232-1237 
(1987); Allgren, R.L. et al., N. Eng. J. Med. 336:828-834 (1997); Paller, M.S., Sem. 
Nephrol. 75:482-489 (1998); Savill, J., et al, In: "Oxford Textbook of Clinical 
Nephrology", eds. Davison, A.M., et al.,, Oxford Medical Publications, page 403-439 

15 (1998); Hirschberg, R. et al, Kidney Int. 55:2423-2432 (1999)). Thus, animal model 
systems generally can not be used to define and identify methods which halt the 
progression, reduce the severity, treat, or diagnose progressive kidney disease in 
humans. Thus, there is a need to develop new, improved and effective methods of 
reducing the severity, diagnosing and treating kidney disease in humans. 

20 

SUMMARY OF THE INVENTION 

The present invention relates to methods of diagnosing and treating kidney 
disease in a human. In particular, the invention relates to methods of treating 
progressive kidney diseases. 
25 In one embodiment, the method includes diagnosing a kidney disease in a human 

comprising the step of measuring catalytic iron in a urine sample. In a preferred 
embodiment, the catalytic iron is measured in relation to a reference protein. In a 
particularly preferred embodiment, the reference protein is urinary creatinine. 
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In another embodiment, the invention relates to a method of treating a kidney 
disease in a human comprising measuring catalytic iron content in a urine sample 
obtained from the human and comparing catalytic iron content in the urine sample with 
catalytic iron content in a control sample. A catalytic iron content in the urine sample 
5 above catalytic iron content in the control sample is indicative of kidney disease. 

In yet another embodiment, the invention includes a method of treating a kidney 
disease in a human, wherein the human has a catalytic iron content in urine greater than 
about 15 nmol/mg of a reference protein comprising administering an iron chelator to 
the human. 

10 In an additional embodiment, the invention includes a method of treating a 

kidney disease in a human comprising administering a dose of an iron chelator to a 
human having catalytic iron content in urine exceeding that of a control sample and 
obtaining a first urine sample from the human. The catalytic iron content in the first 
urine sample is measured and compared to the catalytic iron content in the catalytic iron 

1 5 content in the control sample. 

The method can further include administering at least one subsequent dose of the 
iron chelator. The amount of the subsequent dose is determined by comparison of the 
measured catalytic iron content in the urine sample to the catalytic iron content in the 
control sample. 

20 In another embodiment, the method further includes obtaining at least one 

subsequent urine sample and measuring catalytic iron content in the subsequent urine 
sample. The catalytic iron content in the subsequent urine sample is compared to the 
catalytic iron content in the first urine sample, the control sample or both. 

Yet another embodiment of the invention includes determining progression of 

25 kidney disease in a human. Catalytic iron content in a first urine sample and at least one 
additional urine sample obtained from the human is measured. Catalytic iron content in 
the additional urine sample is compared with catalytic iron content in the first urine 
sample. An elevation in catalytic iron content in an additional urine sample above 
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catalytic iron content in the first urine sample is indicative of the progression of the 
kidney disease in the human. 

In still another embodiment, the invention relates to a method of evaluating the 
effectiveness of administering an iron chelator to treat a human suffering from a 
5 progressive kidney disease. Catalytic iron content in a first urine sample obtained from 
the human is compared with catalytic iron content of a subsequent urine sample 
obtained from the human. The subsequent urine sample is obtained after obtaining the 
first urine sample and after the administration of the iron chelator. A comparison of the 
catalytic iron content in the subsequent urine sample and the first urine sample is 

10 indicative of the effectiveness of the administration of the iron chelator to alleviate 
progression of the kidney disease. 

In another embodiment, the invention relates to a method of identifying a human 
suffering from a progressive kidney disease who will benefit from treatment of the 
progressive kidney disease with the iron chelator. Catalytic iron content in a urine 

15 sample obtained from the human is measured. A catalytic iron content in the urine 
sample greater than about 15 nmol/mg of a reference protein identifies a human 
suffering from a progressive kidney disease who will benefit from treatment of the 
progressive kidney disease with the iron chelator. 

In yet another embodiment, the invention relates to a method of treating 

20 microalbuminuria in a human comprising administering a dose of an iron chelator to a 
human suffering from microalbuminuria having a catalytic iron content in urine 
exceeding a control sample. A first urine sample is obtained from the human and 
catalytic iron content measured in the first urine sample. The catalytic iron content in 
the first urine sample is compared with the catalytic iron content in the control sample. 

25 The invention described herein provides methods for diagnosing, treating, 

halting the progression and reducing the severity of kidney disease in a human. 
Advantages of the claimed invention include, for example, treatment of progressive 
kidney disease in a human in a manner which has not been described in an animal 
model, nor could not be predicted from existing animal models of kidney disease. The 
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methods of the invention can treat progressive kidney diseases in humans without 
significant side effects. The methods of the invention provide an effective manner to 
treat kidney disease and, ultimately, prevent end-stage renal disease. 

Thus, treatment of humans who have a catalytic iron content in the urine above a 
5 control level with iron chelators, can halt, reverse, or reduce the severity of the 
progression of kidney disease, thereby increasing quality of life and life expectancy. 

BRIEF DESCRIPTION OF THE FIGURES 

The Figure represents the catalytic iron content (nmol/mg urinary creatinine) in 
urine obtained from humans with no kidney disease (control), with diabetic 
10 microalbuminuria (DM Micro), diabetic (DM) proteinuria, glomerulonephritis (GM) 
and ischemic nephrophathy. 

DETAILED DESCRIPTION OF THE INVENTION 

The features and other details of the invention, either as steps of the invention or 
as combinations of parts of the invention, will now be more particularly described and 

1 5 pointed out in the claims. It will be understood that the particular embodiments of the 
invention are shown by way of illustration and not as limitations of the invention. The 
principle features of this invention can be employed in various embodiments without 
departing from the scope of the invention. 

The present invention relates to the discovery that catalytic iron in urine of a 

20 human can be an indicator of the existence of kidney disease. The invention further 
relates to the discovery that the administration of an iron chelator decreases protein 
content in urine of humans suffering from kidney diseases. In particular, the iron 
chelator deferiprone has been found to decrease protein content and serum creatinine, 
both indices of kidney damage, in urine obtained from humans suffering from 

25 progressive kidney disease. 

"Kidney disease" generally refers to a disorder of at least one kidney in a human 
that compromises the function of the kidney (e.g., to prevent leakage of protein, to 
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prevent excretion of nitrogenous waste). The kidney disease can result from a primary 
pathology of the kidney (e.g., injury to the glomerulus or tubule) or another organ (e.g., 
pancreas) which adversely affects the ability of the kidney to perform biological 
functions (e.g., retain protein). Thus, kidney disease in the human can be the direct or 

5 indirect effect of disease. Examples of a kidney disease as a result or consequence of an 
indirect effect on the kidneys is kidney disease as a consequence of diabetes or systemic 
lupus. The term kidney disease is used interchangeably with the phrase "diseases of the 
kidney." The kidney disease can be, for example, a result or a consequence of any 
change, damage, or trauma to the glomerulus, tubules or interstitial tissue in either the 

10 renal cortex or renal medulla of the kidney. 

In a preferred embodiment of the invention, the kidney disease is a progressive 
kidney disease. "Progressive kidney disease" as used herein refers to any disease of the 
kidney that over time (e.g., days, weeks, months, years) leads to a loss of renal function. 
"Renal function" generally refers to a physiological property of the kidney, such as the 

15 ability to retain protein thereby preventing proteinuria (e.g., urinary creatinine, the 
excretion of protein in an amount greater than about 0.1 5g/24 hours). Renal function 
can be assessed, for example, by glomerular filtration rate (e.g., creatinine clearance), 
excretion of protein in urine, blood urea nitrogen, serum or plasma creatinine, or any 
combination thereof. 

20 Glomerular filtration rate is an indicia of renal function which generally refers to 

the renal (also referred to herein as kidney) excretory capacity. Indices to assess 
glomerular filtration include, for example, creatinine clearance and inulin clearance. 
Exemplary descriptions and discussions of techniques to assess renal function, including 
glomerular filtration rate (e.g., creatinine clearance) are found, for example, in Larsen, 

25 K. Clin. Chem. Acta. 47:209-217 (1972); Talke, H. et aL, Klin, Wscr 41:174 (1965); 
Fujita, Y. et aL, Bunseki Kgaku 32:379-386 (1983); Rolin, H.A. Ill, et al. t In: "The 
Principles and Practice of Nephrology", 2nd ed., Jacobson, H.R., et aL, Mosby-Year 
Book, Inc., St. Louis, MO, page 8-13 (1995); Carlson, J.A., et aL, In: "Diseases of the 
Kidney", 5th Ed., Schrier, R.W. et aL, eds., Little, Brown and Co., Inc., Boston, MA, 
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pages 361-405 (1993), the teachings of all of which are hereby incorporated by 
reference in their entirety. For example, endogenous creatinine clearance can be 
determined as follows: 

Cr = Ucr V/PCr 

where Cr = clearance of creatinine (ml/min); Ucr = urine creatinine 

(mg/dl), V = volume of urine (ml/min - for 24-hr volume: divide 
by 1400, and PCr = plasma creatinine (mg/dl). 

A progressive kidney disease treated by the methods described herein includes 
any kidney disease that can, ultimately, lead to end-stage renal disease. A progressive 
kidney disease of the invention is not a disease of the kidney that results from 
exogenous iron overload as a result of, for example, repeated blood transfusions in 
diseases such as thalassemia or sickle cell anemia. The progressive kidney diseases that 
can be diagnosed or treated by the methods of the invention can be, for example, 
associated with endogenous iron deposit in the kidney (e.g., glomerulus, tubules). The 
endogenous iron can be released, for example, from ferritin, mitochondria or 
cytochrome P450 in the human. 

In a more preferred embodiment, the kidney disease is a progressive glomerular 
kidney disease. Progressive glomerular kidney diseases that are particularly suitable for 
treatment by the method of the invention include, for example, diabetic nephropathy 
(e.g., as a consequence of Type I or Type II diabetes or systemic lupus), primary 
glomerulonephritis (e.g., membranous nephropathy, focal segmental glomerulosclerosis, 
membranoproliferative glomerulonephritis, diffuse proliferative glomerulonephritis, 
membranous focal segmental glomerulosclerosis) and secondary glomerulonephritis 
(e.g., diabetic nephropathy, ischemic nephropathy). 

A kidney disease can be diagnosed in a human by the method of the invention by 
measuring the catalytic iron in urine of the human. A human is also referred to herein as 
a patient or an individual. In a preferred embodiment, a human can be diagnosed with a 
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kidney disease when catalytic iron content in urine is greater than about 1 5 nmol/mg of 
a reference protein. 

"Catalytic iron" refers to Fe 2+ . Catalytic iron is capable of catalyzing free radical 
reactions. Iron in the Fe 2+ state can catalyze the Haber- Weiss reaction, which reduces 
5 hydrogen peroxide and promotes formation of hydroxyl radicals. The Haber- Weiss 
reaction is illustrated below: 

0 2 _ + Fe 3+ -» 0 2 + Fe 2+ 
Fe 2+ + H 2 Q, -» Fe 3 + + OH* + OH ' 
0 2 . + H 2 0 2 -»0 2 + OH* + OH' 

10 It is also envisioned that catalytic iron can result in the formation of hydroxyl 

radicals in reactions other than the Haber- Weiss reaction. 

Methods to determine the catalytic iron content are known (see, for example, 
Gutteridge, J.M.C. et oi, BiochemJ. 799:263-265 (1981); Yergey,^.!. J. Nutrition 
72tf:355S-361S (1996); Iancu, T.C. etaL, Biometals 9:57-65 (1996); Artiss, J.D. etaL, 

15 Clin, Biochem. 14:31 1-315 (1981); Smith, F.E. et ai, Clin. Biochem. 77:306-310 
(1984); Artiss, J.D., et al, Microchem. I 25:275-284 (1983), the teachings of all of 
which are hereby incorporated by reference in their entirety) and as described in the 
exemplification. The methods include spectrophotometric, mass spectrometry (e.g., 
thermal ionization mass spectrometry, laser microprobe mass analysis, inductively 

20 coupled plasma mass spectrometry, atom bombardment-secondary ion mass 
spectrometry). Catalytic iron content is also referred to as an amount, level or 
concentration of catalytic iron. 

In a preferred embodiment, the catalytic iron content is measured in relation to a 
reference protein in the urine sample. The phrase "in relation to a reference protein" as 

25 used herein refers to expressing catalytic iron content in urine as a unit of measurement 
(e.g., nanomoles) per a concentration of a protein (e.g., milligrams) in the urine. 
Catalytic iron can be expressed, for example, as nanomoles (nmoles) of catalytic iron 
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per milligram (mg) of protein in urine. In a preferred embodiment, the reference protein 
is urinary creatinine. 

Additionally, or alternatively, catalytic iron content is measured in relation to 
glomerular filtration rate, in particular creatinine clearance as described above. 

5 Preferably, catalytic iron content is measured in a urine sample from a human 

prior to the onset of clinical symptoms (also referred to herein as clinical signs of kidney 
disease) of kidney disease (e.g., proteinuria, increase blood urea nitrogen, increase 
serum creatinine). Additionally, or alternatively, catalytic iron content is measured in a 
urine sample obtained from the human after the onset of clinical symptoms of kidney 

10 disease (e.g., proteinuria). Catalytic iron is measured in humans afflicted with a kidney 
disease and compared to humans not afflicted with a kidney disease (See Tables 1 and 
2). 

An "iron chelator" refers to any molecule capable of interacting with iron, either 
Fe 3+ or Fe 2+ , to prevent the formation of catalytic iron from Fe 3+ or to prevent, inhibit or 

15 interfere with iron (Fe 3+ or Fe 2+ ) interacting, effecting or participating in the Haber- 
Weiss reaction or any other reaction which can generate hydroxyl radicals. The 
interaction between the iron chelator and iron, either Fe 3+ , Fe 2+ , or both, can be, for 
example, a binding interaction, an interaction as a result of steric hindrance or any 
reciprocal effect between iron and the iron chelator. The iron chelator can, for example, 

20 prevent the conversion of Fe 3+ to Fe 2+ , thereby indirectly preventing the reduction of 
hydrogen peroxide and formation of hydroxyl radicals in the Haber- Weiss reaction. 
Alternatively, or additionally, the iron chelator can interact directly with Fe 2+ to prevent 
hydroxyl radical formation in, for example, the Haber- Weiss reaction. 

The iron chelator can be a peptide comprising natural or nonnatural (e.g., amino 

25 acids not found in nature) amino acids, polyethylene glycol carbamates, lipophilic or 
nonlipophilic polyaminocarboxylic acids, polyanionic amines or substituted polyaza 
compounds. In a preferred embodiment, the iron chelator is deferiprone (1,2-dimethyl- 
3-hydroxy-pyrid-4-one)Ll . Iron chelators are commercially available or can be 
synthesized or purified from biological sources using routine procedures. Exemplary 
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descriptions and discussions of iron chelators are found in several references, for 
example, U.S. Patent No: 5,047,421 (1991); U.S. Patent No: 5,424,057 (1995); U.S. 
Patent No: 5,721,209 (1998); U.S. Patent No: 5,811,127 (1998); Olivieri, N.F. etal, 
New Eng. J. Med. 332:91 8-922 (1995); Boyce, N.W. et al. t Kidney International. 
5 50:813-817 (1986); Kontoghiorghes, GJ. Indian J. Peditr. 50:485-507 (1993); Hershko, 
C. etal y Brit. J. Haematology 707:399-406 (1998); Lowther, N. etal, Pharmac. Res. 
7(5:434 (1999), the teachings of all of which are hereby incorporated by reference in 
their entirety. 

An "amount effective," when referring to the amount of iron chelator is defined 

10 as that amount (also referred to herein as dose) of iron chelator that, when administered 
to a human afflicted with a kidney disease, is sufficient for therapeutic efficacy (e.g., an 
amount sufficient to reduce the catalytic iron content in urine, total protein content in 
urine, blood urea nitrogen, or creatinine in a blood sample obtained from a human with 
a progressive kidney disease). An effective amount of an iron chelator also refers to an 

1 5 amount of iron chelator that when administered to the human prevents a further or 
additional increase in urinary catalytic iron content compared to the catalytic iron 
content measured in urine prior to treatment or during treatment with the iron chelator. 
Catalytic iron can be measured in urine of humans undergoing treatment with iron 
chelator before, during or after the administration of the iron chelator. 

20 In one embodiment, the iron chelator is administered in a single dose. In another 

embodiment, the iron chelator is administered in multiple doses. In a preferred 
embodiment, the iron chelator is administered orally at a dose in a range between about 
20 mg/kg body of the human and about 150 mg/kg body weight of the human. In a 
particularly preferred embodiment, the iron chelator is administered three times a day at 

25 a dose in a range of between about 20 mg/kg body of the human and about 150 mg/kg 
body weight of the human for at least 2-6 months. 

Another aspect of the invention relates to measuring protein content in urine of a 
human afflicted with a progressive kidney disease undergoing treatment of the kidney 
disease with an iron chelator. A measure of protein content can be total protein in the 
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mine (also referred to herein as total protein content). Protein content in urine of the 
human afflicted with the kidney disease can be measured at one or more time points 
before, during or after the administration of the iron chelator. 

Typically, protein content in urine is determined using routine assays well- 
5 known to one of skill in the art. Suitable methods include dipstick, 

immunoprecipitation, turbidimetric (e.g., sulphosaliclic acid, tricholoracetic, 
benzethonium chloride) assays, dye-binding (e.g., Coomassie Blue, Ponceau) assays, 
Biuret (e.g., precipitation with Tsuchiya reagent) assays and Folin-Lowry assays. 
("Oxford Textbook of Clinical Nephrology" eds. Davison, A.M., et al, 2nd edition, 

10 Oxford University Press, New York, NY (1998); "Primer on Kidney Diseases" ed., 

Greenberg, A., 2nd edition, Academic Press, New York, NY (1998), the teachings of all 
of which are hereby incorporated by reference in their entirety). 

In another embodiment, creatinine, blood urea nitrogen, or both are measured in 
a blood sample obtained from the human at one or more time points before, during or 

1 5 after the administration of the iron chelator to a human afflicted with a kidney disease. 
The blood sample can be an arterial blood sample or venous blood sample. The blood 
sample can be a serum or plasma blood sample. Methods to obtain blood samples and 
process the blood sample to determine blood urea nitrogen content and creatinine 
content are well known to one of skill in the art. (See, for example, Karlinsky, M.L. et 

20 aU Kidney Int. 1 7:293-302 (1980); Tomford, R.C. et al f J. Clin. Invest. (55:655-664 
(1981); Baliga, R. et al, Biochem J. 297:901-905 (1993), the teachings of all of which 
are incorporated herein by reference in their entirety). 

Blood urea nitrogen, urinary protein content or serum creatinine content in a 
human afflicted with a kidney disease can increase in the human as the kidney disease 

25 progresses. Likewise, blood urea nitrogen, total urinary protein content and serum 
creatinine content in a human afflicted with a kidney disease can decrease or stabilize 
(e.g., remain the same, essentially constant) when the progression of a kidney disease is 
halted or prevented by the administration of iron chelators using the methods of the 
invention. 
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In a preferred embodiment, the iron chelator is administered to the human with a 
kidney disease in an amount effective to lower total protein content in urine, blood urea 
nitrogen or creatinine content in a blood sample of the human to about that of a control 
level. 

5 In another embodiment, the iron chelator is administered to the human with a 

kidney disease in an amount effective to prevent any further increase in total protein 
content in urine, blood urea nitrogen and creatinine content in a blood sample of the 
human compared to an amount of catalytic iron prior to treatment with the iron chelator 
(also referred to herein as a pretreatment amount of urinary catalytic iron). 

1 0 In yet another embodiment, the iron chelator is administered to the human with a 

kidney disease in an amount effective to prevent an increase in total protein content in 
urine, blood urea nitrogen and creatinine in a blood sample of the human to a level 
above a control level. 

In particular, the invention relates to a method of treating a kidney disease in a 

15 human, comprising administering a dose of an iron chelator (e.g., in a range between 
about 20 mg iron chelator/kg body weight and about 150 mg iron chelator/kg body 
weight) to a human having a catalytic iron content in urine exceeding that of a catalytic 
iron content in a control sample (e.g., above about 15 nmol catalytic iron/mg of a 
reference protein). The dose which the human is initially treated with is also referred to 

20 as an "initial dose." 

In one embodiment, a urine sample is obtained from a human before the 
administration of the iron chelator (also referred to herein as a pretreatment urine 
sample). In another embodiment, a urine sample is obtained after the administration of 
the iron chelator. Thus, a urine sample can be obtained from the human before, during 

25 or after the human is administered the iron chelator and catalytic iron content measured. 

In a preferred embodiment, the iron chelator (e.g., deferiprone) is administered 
to a human with a catalytic iron content in a urine sample in an amount greater than 
about 15 nmol/mg of a reference protein (e.g., urinary creatinine) in a dose in a range of 
between about 20 mg/kg body weight and about 150 mg/kg body weight of the human. 
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As defined herein, "control sample" means a level (also referred to herein as 
amount or content) of the parameter of interest (e.g., catalytic iron content in urine, 
protein content in urine, blood urea nitrogen in a blood sample, creatinine in a blood 
sample) in a human not afflicted with a kidney disease, matched, as necessary, for 

5 variables, such as age, sex, ethnicity and health history, with the human to be treated. A 
control sample can also be the expected level of the parameter of interest in a human. 
The "expected level" of the parameter of interest in a human treated by the methods of 
the invention can be a level normally observed in a human not afflicted with the kidney 
disease, or can be higher than a human not afflicted with the kidney disease yet below 

10 the level in a human with a kidney disease. An expected level can also be any level of 
the parameter of interest that is below pretreatment levels or lower than a level expected 
during progression of a kidney disease in a human not undergoing treatment by the 
methods defined herein. A "target level" of the parameter of interest can be selected for 
a human afflicted with a kidney disease based on a level of the parameter of interest 

1 5 (e.g., catalytic iron content in the urine) of a human before that human developed a 
kidney disease, or in comparison to levels observed in a human not exhibiting a kidney 
disease. In a preferred embodiment, a control sample has a catalytic iron content of 
about 15 nmol/mg of a reference protein (e.g., creatinine). 

After administration of the iron chelator, the catalytic iron content in the human 

20 is measured in a first urine sample. A "first urine sample," when referring to methods 
of treating the progressive kidney disease, refers to a urine sample obtained from the 
human at any time after the administration of the iron chelator. The first urine sample 
can be obtained, for example, days, weeks, months, or years after the administration of 
the iron chelator. The catalytic iron content in a urine sample (e.g., first urine sample) is 

25 compared to the catalytic iron content in the control sample. The catalytic iron content 
in the first urine sample can also be compared to the catalytic iron content in a urine 
sample obtained from the human prior to or after administering the initial dose of the 
iron chelator. 
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The method can further include administering a subsequent dose of the iron 
chelator to the human. The amount of the subsequent dose administered is determined 
by comparing the catalytic iron in the first urine sample with the catalytic iron content in 
the control sample. 

5 The method can further include obtaining as least one subsequent urine sample 

from the human. A "subsequent urine sample" is any urine sample obtained from the 
human at any time after the first urine sample. One or more subsequent urine samples 
can be obtained from the human. More than one subsequent urine sample can be 
obtained in a day or over several days, months or years. 

10 The catalytic iron content in the subsequent urine sample of the human is 

compared with the catalytic iron content in the first urine sample, the control sample, or 
both. The dose of the iron chelator administered to the human can be adjusted (e.g., 
increased) until the catalytic iron content in the urine of the human is about that of the 
control sample or until the catalytic iron content in the subsequent urine sample is 

15 essentially constant. The adjusted dose is also referred to as a "subsequent dose." For 
example, if the human was administered about 75 mg/kg body weight dose of iron 
chelator and the catalytic iron content in a subsequent urine sample was about 35 
nmol/mg of a reference protein compared to about 55 nmol/mg of a reference sample in 
the urine sample or first urine sample, the subsequent dose of iron chelator could be 

20 adjusted to below about 75 mg/kg body weight. 

In another embodiment of the invention, the subsequent dose of the iron chelator 
is administered until the catalytic iron in a subsequent urine sample is about that of the 
control or essentially constant. "Essentially constant" (also referred to herein as "an 
essentially constant value" or stabilized) refers to a catalytic iron content in the urine 

25 that remains about the same value over time (e.g., days, weeks, months, or years). 

In a preferred embodiment, when the catalytic iron content in urine is about that 
of a control sample or essentially constant, the dose of iron chelator in at least two 
subsequent doses differs by about 10 mg/kg of body weight of the human. After a 
lOmg/kg increment adjustment, the catalytic iron content in one or more subsequent 
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urine samples can be measured, compared to the control or an essentially constant value 
and the dose of iron chelator adjusted (e.g., increased) if the catalytic iron content in the 
subsequent urine sample is above a control sample or the essentially constant value. For 
example, if the catalytic iron content in a subsequent urine sample of a human on a 
5 maintenance dose of the iron chelator is greater than the control sample (e.g., about 15 
nmol/mg of a reference protein) the dose of iron chelator can be increased to decrease 
the catalytic iron in the urine of the human afflicted with a kidney disease. Similarly, 
the dose of iron chelator can be decreased if the catalytic iron content in the subsequent 
urine sample remains, for example, at a control content or essentially constant. 

10 In yet another embodiment, urinary protein content (e.g., total protein content) in 

a urine sample (e.g., before or after treatment with the iron chelator) and at least one 
subsequent urine sample is measured. The urinary protein content in the subsequent 
urine sample is determined and compared to the protein content in a urine sample 
obtained before or after iron chelator treatment, a control sample or both. Urinary 

1 5 protein content in a subsequent urine sample can be compared to a control sample to 
determine the progress of treatment, the need for further treatment (e.g., number or 
duration of doses) or the need to adjust the dose (e.g., mg/kg body weight) of iron 
chelator being administered to the human. 

"Adjusting the dose" of the iron chelator (also referred to herein as a subsequent 

20 dose of iron chelator) refers to any change or alteration (e.g., increase or decrease) in the 
amount of iron chelator in the initial dose. A change in the amount of iron chelator can 
be, for example, an increase or decrease in the frequency (e.g., times per day, number of 
days, number of months, number of years) of administration of the iron chelator. 
Additionally, or alternatively, a change in the amount of iron chelator can be an increase 

25 or decrease in the dose (e.g., milligrams of iron chelator per kilogram body weight of 
the human) of iron chelator administered to the human. 

In another embodiment of the invention, creatinine content or blood urea 
nitrogen content in a blood sample obtained from the human is measured at one or more 
points before, during or after administration of the iron chelator to a human afflicted 
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with a kidney disease, and who has a catalytic iron content in urine greater than a 
control sample. 

Additionally indices of reducing the severity of the progressive kidney disease 
can be a decrease in the expected rate at which, for example, blood urea nitrogen, serum 

5 creatinine increases, glomerular filtration rate declines, or the onset of end-stage renal 
disease is delayed. A decline in glomerular filtration rate can be assessed, for example, 
by an increase in total urinary protein. 

A blood sample obtained from the human before administration of an iron 
chelator is referred to as a "pretreatment blood sample." A blood sample obtained from 

10 the human after or during the administration of the iron chelator is also referred to as a 
"subsequent blood sample." The blood urea nitrogen content and creatinine content in 
at least one subsequent blood sample is compared with the blood urea nitrogen content 
and creatinine content in at least one pretreatment blood sample or a control sample. 
Similarly, the blood urea nitrogen content and creatinine content is compared in at least 

15 one subsequent blood sample obtained from the human at different times following the 
administration and during the course of iron chelator treatment. 

The dose of iron chelator can be adjusted depending upon protein content in 
urine, blood urea nitrogen, creatinine content in the subsequent blood sample, or any 
combination thereof. For example, a decline (also referred to herein as a decrease) in 

20 urinary protein, blood urea nitrogen or creatinine content in a subsequent urine or blood 
sample compared to a pretreatment sample or a control sample is indicative that the 
kidney disease is being treated by the iron chelator and the dose of iron chelator could 
be decreased. 

In another embodiment of the invention, a kidney disease in a human is 
25 diagnosed. Catalytic iron content is measured in a urine sample obtained from the 
human and compared with catalytic iron content in a control sample. In this 
embodiment, catalytic iron content in the urine sample obtained from the human above 
the catalytic iron content in the control sample is indicative of kidney disease. 
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In another embodiment, the invention relates to a method of reducing the 
severity of a progressive kidney disease in a human having a catalytic iron content in a 
urine sample greater than about 15 nmol/mg of a reference protein. The human afflicted 
with the progressive kidney disease (e.g., diabetic nephropathy, primary 

5 glomerulonephritis, secondary glomerulonephritis) is administered an iron chelator. 
The iron chelator decreases catalytic iron content in urine obtained from the human 
thereby reducing the severity of the progressive kidney disease. 

The phrase "reducing the severity" (also referred to herein as a reduction in the 
severity) when referring to a progressive kidney disease means any diminution, 

10 amelioration or decrease in progressive damage to the kidney that compromises the 

function of the kidney. Well- recognized indices to assess function of the kidney can be 
employed to determine a reduction in the severity of the kidney disease. These indices 
can include, for example, a reduction in protein content in urine, a reduction in blood 
urea nitrogen, a reduction in serum or plasma creatinine, a decline in glomerular 

1 5 filtration rate, a delay in the onset of end-stage renal disease, or any combination 

thereof, compared to a sample obtained from the human prior to administering the iron 
chelator, or a control sample. 

A reduction in the severity of the kidney disease can result, for example, from an 
amelioration of a primary pathology of the kidney (e.g., injury to the glomerulus or 

20 tubule) or another organ (e.g., pancreas) which had adversely affected the ability of the 
kidney to perform biological functions (e.g., retain protein). Thus, a reduction in the 
severity of the kidney disease in the human can be the direct or indirect effect of a 
reduction of the kidney disease. 

Another embodiment of the invention is a method of determining the 

25 progression of a kidney disease in a human comprising measuring catalytic iron in one 
or more urine samples obtained from the human. An increase in the catalytic iron 
content in a urine sample from the human over time (e.g., weeks, months, years) is 
indicative of the progression of the kidney disease. The catalytic iron content in urine 
can be measured relative to a reference protein (e.g., creatinine). 
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"Progression of a kidney disease" refers to an augmentation or increase in the 
disease of the kidney. Progression of a kidney disease can include, for example, 
continued or additional damage to a segment of the kidney (e.g., nephron, tubule, 
interstitium) that was not damaged when the human was initially afflicted or diagnosed 

5 with the kidney disease. For example, the human could have no glomerular damage or 
damage only to the glomerulus resulting in a kidney disease which, over time, leads to 
increased damage only to the glomerulus or results in tubular damage as the kidney 
disease progresses. As the kidney disease progresses in the human, the catalytic iron 
content in urine can increase above a level prior to additional damage to the kidney or in 

10 comparison to a human not affected with a progressive kidney disease. Catalytic iron 
content in urine obtained from the human with progressive kidney disease can be 
determined and compared to urinary catalytic iron content in another, different human 
with various stages of progressive kidney disease to discern the progression of the 
kidney disease. 

15 Progression of the kidney disease can also be monitored, for example, by 

measuring protein content, in addition to catalytic iron content, in urine of the human 
afflicted with the kidney disease. As the kidney disease progresses, the protein content 
in the urine can increase. Additionally, progression of the kidney disease in the human 
can be assessed by measuring the blood urea nitrogen content or creatinine content in a 

20 blood sample obtained from the human over time. An increase in the blood urea 

nitrogen content or creatinine content over time in the human is also indicative of the 
progression of the kidney disease in the human. Similarly, a decline in glomerular 
filtration as assessed, for example, by creatinine clearance as described above can also 
be used in conjunction with urinary catalytic iron content as indicative of progression of 

25 the kidney disease. 

In another embodiment, the invention relates to a method of determining the 
progression of kidney disease in a human comprising measuring catalytic iron content in 
a first urine sample and in at least one additional urine sample obtained from the human. 
When determining the progression of a kidney disease, a "first urine sample" refers to 
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an initial sample of urine obtained from the human at anytime prior to determining the 
progression of the kidney disease. An "additional urine sample" refers to a urine sample 
obtained from the human at any time after the first urine sample. 

The catalytic iron content in the additional urine sample is compared to the 
5 catalytic iron content in at least one additional urine sample. An elevation in the 

catalytic iron in an additional urine sample compared to a first urine sample is indicative 
of progression of the kidney disease. Likewise, a reduction in the catalytic iron in an 
additional urine sample compared to the first urine sample is indicative that the kidney 
disease is not progressing or is being reduced in severity. 

10 The method of determining the progression of kidney disease in a human can 

further include measuring protein content in the first urine sample and at least one 
additional urine sample and creatinine content in a first blood sample and at least one 
additional blood sample obtained from the human afflicted with the kidney disease. A 
"first blood sample" refers to an initial blood sample obtained from the human at 

1 5 anytime prior to determining the progression of the kidney disease. An "additional 
blood sample" refers to a blood sample obtained from the human at anytime after the 
first blood sample. 

The protein content in an additional urine sample can be compared to the protein 
content in the first urine sample and the creatinine content in the additional blood 

20 sample can be compared to the first blood sample. An elevation in protein content in 
the additional urine sample above protein content in the first urine sample and/or an 
elevation in creatinine content in the additional blood sample above the creatinine 
content in the first blood sample can be indicative of the progression of the kidney 
disease in the human. Likewise, a decrease in protein content in the additional urine 

25 sample below the protein content in the first urine sample and/or an decrease in 

creatinine content in the additional blood sample below the creatinine content in the first 
blood sample is indicative that the kidney disease is not progressing in the human. 
Similarly, an essentially constant protein content in the additional urine sample can 
indicate that the kidney disease is not progressing. 
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Additionally the method of determining the progression of kidney disease in the 
human can further include comparing blood urea nitrogen in additional blood sample 
compared to a first blood sample. An elevation in blood urea nitrogen content in the 
additional blood sample above blood urea nitrogen content in the first blood sample is 
5 indicative of the progression of the kidney disease in the human. Similarly, a decrease 
in blood urea nitrogen content or an essentially constant blood urea nitrogen content in 
the additional blood sample below blood urea nitrogen content in the first blood sample 
is indicative the kidney disease is not progressing. 

In another embodiment of the invention, the effectiveness of treatment with an 

10 iron chelator in a human suffering from a kidney disease is evaluated. Catalytic iron 
content in at least two urine samples are obtained from the human and compared. 
"Evaluating the effectiveness" refers to assessing the success of treating the human 
afflicted with a kidney disease, in particular a progressive kidney disease, and especially 
a progressive glomerular kidney disease with an iron chelator to the extent that the 

15 kidney disease is treated (e.g., that the kidney disease does not progress). 

The urine samples obtained from the human to evaluate the effectiveness of 
treatment with the iron chelator includes a pretreatment urine sample obtained from the 
human at a pretreatment time and at least one subsequent urine sample obtained from 
the human at least at one subsequent time after the pretreatment sample. A 

20 "pretreatment time" refers to anytime prior to the administration of the iron chelator. A 
"subsequent time" refers to anytime after the administration of the iron chelator. 

A decrease in catalytic iron content in the subsequent urine sample to an amount 
below a catalytic iron content in the pretreatment urine sample is indicative of the 
effectiveness of treatment of the kidney disease. Evaluation of the effectiveness of 

25 treatment with an iron chelator can further include comparing protein content in the 
pretreatment urine sample and at least one subsequent urine sample. A decrease in 
protein content in the subsequent urine sample below protein content in the pretreatment 
urine sample is indicative of the effectiveness of treatment with an iron chelator in a 
human suffering from a kidney disease. 
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In yet another embodiment of the invention, evaluation of the effectiveness of 
treatment with an iron chelator can further include measuring blood urea nitrogen 
content and creatinine content in a first blood sample and in a subsequent blood sample 
obtained from the human. The blood urea nitrogen content and creatinine content in the 
5 subsequent blood sample is compared with blood urea nitrogen content and creatinine 
content in the first blood sample. A decrease in blood urea nitrogen content or 
creatinine content in the subsequent blood sample below blood urea nitrogen content or 
creatinine content in the first blood sample is indicative of the effectiveness of treatment 
with an iron chelator in a human suffering from a kidney disease. 

10 Thus, the effectiveness of treatment with an iron chelator can be evaluated by 

assessing decreases in urinary catalytic content, urinary protein content, blood urea 
nitrogen content and creatinine content in a blood sample compared to a pretreatment 
sample or a control sample. 

Another embodiment of the invention relates to a method of slowing the 

15 progression of a kidney disease in a human having catalytic iron in urine greater than 
about 15 nmol/mg of a reference protein, comprising administering an iron chelator to 
the human. The iron chelator can decrease the catalytic iron content in urine obtained 
from the urine thereby slowing the progression of the kidney disease in the human. 
"Slowing the progression" of a kidney disease refers to reducing the rate or 

20 speed at which, or degree to which a kidney disease advances or develops. For 
example, the progression of a kidney disease can be slowed so that additional 
glomerular damage or damage to the tubules in a kidney that began with glomerular 
damage does not occur until a time later than similar damage to the kidney in a human 
afflicted with the kidney disease who is not administered an iron chelator. Thus, 

25 slowing the progression of kidney disease also refers to an increase in the amount of 
time (e.g., days, months, years) it would take to lead to progressive kidney disease and, 
particularly progressive glomerular kidney disease or, ultimately, end-stage renal disease 
in a human who was not administered the iron chelator. 
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A decrease in catalytic iron content after administration of the iron chelator to 
the human below a catalytic iron content measured before administering the iron 
chelator can be used as an indice to assess whether the progression of the kidney disease 
has been slowed. Additionally, or alternatively, other parameters which is indicative of 
5 a slowing of the progression of kidney in a human administered an iron chelator can 
include, for example, decrease in the urinary protein content, blood urea nitrogen or 
creatinine in a blood sample obtained from the human during or after administration of 
the iron chelator compared to urinary protein content, blood urea nitrogen or creatinine 
in a blood sample obtained from the human before administering the iron chelator, or to 

10 a level about that of a control sample. 

In yet another embodiment, the invention relates to a method of identifying a 
human suffering from a progressive kidney disease who will benefit from treatment of 
the progressive kidney disease with an iron chelator. The phrase "who will benefit" 
refers to a human who has a catalytic iron content in urine greater than about 1 5 

1 5 nmol/mg of a reference protein or who can be treated with an iron chelator to, slow the 
progression of the kidney disease, reduce the severity of the kidney disease or halt the 
progression of the kidney disease in the human, and particularly, progressive glomerular 
kidney disease in the human. 

To identify a human who will benefit from treatment of a progressive kidney 

20 disease, catalytic iron content is measured in a urine sample obtained from the human. 
A catalytic iron content in the urine sample greater than about 15 nmol/mg of a 
reference protein identifies a human suffering from a progressive kidney disease who 
will, or may, benefit from treatment of the progressive kidney disease with the iron 
chelator. 

25 In still another embodiment, the invention relates to a method of halting the 

progression of a kidney disease in a human. "Halting" when referring to the progression 
of a kidney disease in a human refers to stopping, either temporarily or permanently, the 
progression of the kidney disease in the human. The progression of the kidney disease 
can be halted, for example, by preventing or diminishing any further damage to any 
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segment of the kidney (e.g., glomerulus, tubules, interstitum) damaged in the human 
with the progressive kidney disease. Thus, halting of the progression of a kidney 
disease in a human can be a diminution in glomerular damage or prevention of damage 
to a segment of the kidney not otherwise damaged in the human with the progressive 
5 kidney disease (e.g., preventing tubular damage in a human with glomerular kidney 
damage). 

To halt the progression of a kidney disease in a human, catalytic iron content and 
protein content is measured in a pretreatment urine sample obtained from the human. 
An iron chelator is administered to a human having a catalytic iron content in the 

1 0 pretreatment urine sample in an amount greater than about 1 5 nmol/mg of a reference 
protein. The iron chelator can be administered in a dose of about 20 mg/kg body weight 
to about 1 50 mg/kg body weight of the human. In a preferred embodiment, the iron 
chelator is deferiprone. 

The catalytic iron content and protein content in the human is measured in at 

1 5 least one subsequent urine sample obtained from the human during or after the 

administration of the iron chelator. The catalytic iron content and protein content in the 
subsequent urine sample of the human is compared with the catalytic iron content and 
protein content in a urine sample (e.g., pretreatment urine sample, first urine sample). 
In one embodiment, the dose of iron chelator administered to the human is adjusted 

20 (e.g., increased or decreased compared to the dose initially administered to the human) 
until the catalytic iron content in a subsequent urine sample of the human is below the 
control (e.g., 15 nmol/mg of a reference protein). When the protein content in a 
subsequent urine sample is about twenty five percent (25%) below the protein content in 
a control sample, the human is maintained on a dose of iron chelator until no further 

25 reduction in urinary protein occurs or until the urinary protein is essentially constant 
(e.g., for 3-4 months). The dose of iron chelator is then reduced by a dose of about 10 
mg/kg body weight. 

Urinary catalytic iron content is measured in at least one subsequent urine 
sample following the 10 mg/kg reduction in dose of the iron chelator. The dose of iron 
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chelator can be further reduced by an additional increment for 10 mg/kg body weight as 
long as the catalytic iron remains essentially constant or at a control level Urinary 
catalytic iron content, urinary protein, blood urea nitrogen and creatinine in a blood 
sample are monitored following each reduction in the dose of iron chelator. If the 
5 urinary catalytic iron, total urinary protein, blood urea nitrogen or creatinine in a blood 
sample increases, the dose of iron chelator can be increased by an increment of 10 
mg/kg of body weight of the human. In a preferred embodiment, about every three 
months the dose of iron chelator is reduced by about 10 mg/kg of body weight. The 
human can be maintained on a dose of iron chelator about 10 mg/kg body weight higher 

10 than the last dose which results in an essentially constant amount of urinary catalytic 
iron, total urinary protein, blood urea nitrogen or serum creatinine (also referred to 
herein as a "maintenance dose" of iron chelator). 

Catalytic iron content in urine, urinary protein content, blood urea nitrogen or 
creatinine in blood can be measured while the human is on a maintenance dose of iron 

1 5 chelator and the dose of iron chelator adjusted to, for example, achieve a urinary 

protein content about that of a control sample. Similarly, if the catalytic iron content in 
a subsequent urine sample obtained from a human on a maintenance dose of iron 
chelator is greater than about 1 5 nmol/mg of a reference protein, the dose of iron 
chelator can be increased (e.g., to about 20-150 mg/kg of body weight). 

20 The dose of iron chelator can be further increased if the catalytic iron content in 

the urine sample obtained from the human continues to rise following an adjustment in 
the dose of iron chelator above the maintenance dose. Similarly, the dose of iron 
chelator can be decreased if the catalytic iron content in the urine sample obtained from 
the human decreases following an increase in the dose of iron chelator compared to the 

25 maintenance dose. The need to further adjust the dose of iron chelator can be 

determined by monitoring catalytic iron content in urine, protein content in urine, blood 
urea nitrogen, creatinine in a blood sample, or any combination thereof. 
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The invention further relates to the use of iron chelators to diagnose and treat 
humans exhibiting microalbuminuria. In a preferred embodiment, the iron chelator is 
deferiprone. 

The term "microalbuminuria" refers to any disease, disorder, ailment or state of 
5 health where urinary albumin is excreted at a rate of about 20-200 |ig/minute or about 
30-300 mg/24 hours, (see, for example, Abbott, K.C., et al, Arch. Internal Med. 
754:146-153 (1994), the teachings of which are incorporated herein by reference in their 
entirety). Methods to detect and diagnose microalbuminuria are well known to one of 
skill in the art and include radioimmunoassays, immunoassays with latex bodies, 

10 fluoroimmunoassays, enzyme immunoassays, agglutination inhibition, 

immunoturbidimetry, immunonephelometry and radial immunodiffusion assays. (Keen, 
H. etal, Lancet 2:913-916 (1968); Silver, A. etal, Clin. Chem 32: 1303-1306 (1986); 
Close, C. etal, Diabet. Med. 4:491-492 (1987); Harmoinen, A. etal, Clin. Chim. Acta 
7tf<5:85-89 (1987); Marre, M. etal, Clin.. Chem. 33:209-213 (1987); McCormik, CP. et 

15 al, Ann. Clin. Lab Set 79:944-951 (1989); Cambiaso, C.L. et al. } Clin. Chem. 34:416- 
41 8 (1988); Niwa, T. et al, Clin. Chim. Acta 756:391-396 (1990), the teachings of all of 
which are incorporated herein in their entirety). The levels of albumin or total protein in 
urine before and after treatment with the iron chelator can be determined and the 
frequency or amount of doses required to alleviate microalbuminuria can be adjusted as 

20 needed for each individual undergoing treatment. Since microalbuminuria is associated 
with diabetic nephropathy in diabetic individuals (Mattock, M.B., et al, Diabetes 
47:736-741 (1992); Neil, A., etal, Diabetes Care 76:996-1003 (1993); Abbott, K.C., et 
al, Arch Intern. Med. 754:146-153 (1994), the teachings of all of which are 
incorporated herein in their entirety) it is expected that the methods of the invention can 

25 be employed to halt the progression of microalbuminuria and, thus, prevent 
development of diabetic nephropathy. 

The amount effective to alleviate microalbuminuria can be an amount of the iron 
chelator that restores the levels of albumin in urine or prevents a further increase in 
albumin levels in the urine. In a preferred embodiment, the levels of albumin in urine 
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are restored to levels of about that in a control individual. The term "restore" refers to 
returning the albumin levels in urine to the levels observed before the individual 
developed microalbuminuria or to levels of about that observed in a control individual. 
The administration of iron chelators to humans afflicted with microalbuminuria can be 
5 used to halt the progression of the microalbuminuria. In one embodiment, progression 
of micoralbuminuria is halted by administering to the human an iron chelator (e.g., 
about 20 mg/kg body weight to about 150 mg/kg body weight). 

In another embodiment, the invention relates to a method of halting the 
progression of microalbuminuria in a human, comprising measuring catalytic iron 

10 content in a pretreatment urine sample obtained from the human and administering a 
dose of an iron chelator to a human having a catalytic iron content in the pretreatment 
urine sample above a catalytic iron content in a control sample. The catalytic iron 
content in at least one subsequent urine sample obtained from the human is measured 
during or after the administration of the iron chelator and compared with the catalytic 

15 iron content in the pretreatment urine sample, the control sample, or both. The dose of 
the iron chelator administered to the human is adjusted until the catalytic iron content in 
the urine of the human is about that of the control sample. 

A "control" level, when referring to the treatment of humans exhibiting 
microalbuminuria, is defined as described above for humans afflicted with kidney 

20 diseases except the control level refers to a level of urinary albumin, rather than a level 
of total protein as described in humans afflicted with kidney disease. 

Microalbuminuria can progress and ultimately lead to diabetic nephropathy, a 
progressive kidney disease (Mattock, M.B., et al, Diabetes 41:136-1 A\ (1992); Neil, 
A., et al, Diabetes Care 75:996-1003 (1993); Abbott, K.C., et al, Arch. Intern. Med. 

25 754:146-153 (1994), the teachings of all of which are incorporated herein in their 
entirety). Thus, another aspect of the invention relates to a method of halting the 
progression of microalbuminuria in a human comprising measuring catalytic iron 
content in a pretreatment urine sample obtained from the human and administering a 
dose of deferiprone to a human having a catalytic iron content in the pretreatment urine 
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sample in an amount greater than about 15 nmol/mg of a reference protein in a dose of 
about 20 mg/kg body weight to about 150 mg/kg body weight of the human. The 
catalytic iron content is measured in at least one subsequent urine sample obtained from 
the human during or after the administration of deferiprone. The catalytic iron content 
5 in the subsequent urine sample of the human is compared with the catalytic iron content 
in the pretreatment urine sample and the dose of deferiprone administered to the human 
adjusted until the catalytic iron content in a subsequent urine sample of the human is 
below about 15 nmol/mg of a reference protein. 

The methods of the present invention can be accomplished by the administration 

10 of the iron chelator iron by enteral or parenteral means. Specifically, the route of 
administration is by oral ingestion (e.g., tablet, capsule form). Other routes of 
administration as also encompassed by the present invention including intramuscular, 
intravenous, intraarterial, intraperitoneal, or subcutaneous routes, and nasal 
administration. Suppositories or transdermal patches can also be employed. 

15 The iron chelators can be used alone or in any combination when administered 

to the humans. For example, deferiprone can be coadministered with another iron 
chelator such as deferoxiamine to treat a kidney disease (e.g., diabetic nephropathy, 
primary glomerulonephritis, secondary glomerulonephritis, microalbuminuria). It is 
also envisioned that one or more iron chelators can be coadministered with other 

20 therapeutics (e.g., steroids) to, for example, treat kidney diseases, halt the progression of 
a kidney disease, reduce the severity of a kidney disease Coadministration is meant to 
include simultaneous or sequential administration of two or more iron chelators. It is 
also envisioned that multiple routes of administration (e.g., intramuscular, oral, 
transdermal) can be used to administer one or more iron chelators. 

25 The iron chelators can be administered alone or as admixtures with conventional 

excipients, for example, pharmaceutically, or physiologically, acceptable organic, or 
inorganic carrier substances suitable for enteral or parenteral application which do not 
deleteriously react with the iron chelator. Suitable pharmaceutically acceptable carriers 
include water, salt solutions (such as Ringer's solution), alcohols, oils, gelatins and 
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carbohydrates such as lactose, amylose or starch, fatty acid esters, 
hydroxymethycellulose, and polyvinyl pyrolidine. Such preparations can be sterilized 
and, if desired, mixed with auxiliary agents such as lubricants, preservatives, stabilizers, 
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring, 
5 and/or aromatic substances and the like which do not deleteriously react with the iron 
chelator. 

When parenteral application is needed or desired, particularly suitable 
admixtures for the iron chelator are injectable, sterile solutions, preferably oily or 
aqueous solutions, as well as suspensions, emulsions, or implants, including 

10 suppositories. In particular, carriers for parenteral administration include aqueous 

solutions of dextrose, saline, pure water, ethanol, glycerol, propylene glycol, peanut oil, 
sesame oil, polyoxyethylene-block polymers, and the like. Ampules are convenient unit 
dosages. The iron chelators can also be administered via transdermal pumps or patches. 
Pharmaceutical admixtures suitable for use in the present invention are well-known to 

15 those of skill in the art and are described, for example, in Pharmaceutical Sciences (17th 
Ed., Mack Pub. Co., Easton, PA) and WO 96/05309 the teachings of both of which are 
hereby incorporated by reference. 

The dosage and frequency (single or multiple doses) of iron chelators 
administered to a human can vary depending upon a variety of factors, including the 

20 size, age, sex, health, body weight, body mass index, and diet of the human; nature and 
extent of symptoms of the kidney disease being treated (e.g., diabetic nephropathy, 
microalbuminuria), kind of concurrent treatment (e.g., steroids), complications from the 
kidney disease, microalbuminuria, or other health-related problems. In a preferred 
embodiment, humans with a kidney disease are treated three times a day with a dose of 

25 iron chelator (e.g., deferiprone in 500 mg capsules) at about 30 mg/kg to about 75 

mg/kg body weight per day for about 2-6 months. Other therapeutic regimens or agents 
can be used in conjunction with the iron chelator treatment methods of the present 
invention. For example, the administration of the iron chelator can be accompanied by 
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steroid administration. Adjustment and manipulation of established dosages (e.g., 
frequency and duration) are well within the ability of those skilled in the art. 

The present invention is further illustrated by the following examples, which are 
not intended to be limiting in any way. 

5 EXEMPLIFICATION 

EXAMPLE 1: URINARY CATALYTIC IRON IN PATIENTS WITH KIDNEY 
DISEASE 

Selection of Patients with Kidney Disease 

Human patients (n=70) were used in these studies. Controls were healthy human 

10 patients with no history of kidney disease, hypertension, diabetes or other diseases that 
affect the kidney. Males and females were used in the studies. Ages of the human 
patients ranged from 4 years of age to 70 years of age. Ethnicity of the patients included 
Caucasians, African- American and Hispanics. 

Kidney disease was detected in patients by the presence of an abnormal amount 

1 5 of protein in the urine and/or an abnormal renal function. An abnormal amount of 
protein in urine is an amount of total protein greater than about 0.15g/24h measured by 
an adaptation of pyrogallol red-molydate method described by Fujita, Y., et aL, Bunseki 
Kgaku 52:379-386 (1983), the teachings of which are hereby incorporated by reference 
in their entirety. Many patients, as part of their routine work up, had received kidney 

20 biopsies providing diagnosis of the nature of the kidney disease. 

Glomerular filtration rate was assessed in humans by measuring serum creatinine 
(normal values 0.96 mg/dl for women, and 1.16 mg/dl for men - values above 1.4 mg/dl 
considered abnormal), creatinine clearance or both. Creatinine clearance was calculated 
by the standard formula Cr = Ucr V/PCr where Cr = clearance of creatinine (ml/min); 

25 Ucr = urine creatinine (mg/dl), V = volume of urine, and PCr = plasma creatinine 
(mg/dl) . 

Patients with kidney disease included the following groups of patients: 
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Glomerulonephritis . This diagnosis was based on patients with abnormally high 
amount of urinary protein (greater than about 150 mg/24 hours) including patients with 
nephrotic syndrome (greater than about 3.5 gm protein) .The diagnosis of 
glomerulonephritis was made on histological examination of the kidney, which included 
5 light microscopy, immunofluorescence, and electron microscopy using routine methods. 
Diagnoses included both primary causes such as membranous nephropathy, focal 
segmental sclerosis, IgA nephropathy, membranoproliferative glomerulonephritis, and 
crescentic glomerulonephritis as well as secondary causes such as, systemic lupus 
erythematosis, hemolytic uremic syndrome or Henoch-Schonlein purpura. 
10 Microalbuminuria Patients with diabetes who had microalbuminuria had urinary 

albumin in a range between about 30 mg to about 300 mg for 24 hours as measured by a 
method which uses the rate of increase in light scattered from particles suspended in 
solution as a result of complexes formed during an antigen-antibody reaction or by the 
dipstick method. 

1 5 Diabetic Nephropathy . Patients with diabetes who had diabetic nephropathy with 

overt proteinuria (greater than about 150 mg/24 hours) in 24-hour sample . The 
diagnosis of diabetic nephropathy was based on presence of overt proteinuria, history of 
diabetes, and presence of retinopathy on clinical examination. 

Ischemic nephropathy was based on clinical and radiological findings. 

20 A urine sample was obtained from humans with and without (control) kidney 

disease and assessed for catalytic iron content and creatinine content using established 
methods as described below. 

Urinary Catalytic Iron and Creatinine in Humans With and Without Kidney Disease 

Catalytic iron content was measured in urine using a well established bleomycin 
25 assay (Gutteridge J.M.C., et aL, Biochem J 799:263-265 (1981), the teachings of which 

are incorporated herein in their entirety). 

In vivo iron is primarily bound to heme or non-heme proteins and does not 

directly catalyze the generation of hydroxyl radicals or a similar oxidant (Gutteridge 
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J.M.C., et aL, Biochem J 799:263-265 (1981), the teachings of which are incorporated 
herein in their entirety). In the catalytic iron assay used in these studies, the antibiotic 
bleomycin detects iron complexes capable of catalyzing free radical reactions. 
Bleomycin, in the presence of an iron salt and a suitable reducing agent, binds to and 
degrades DNA with the formation of a product that reacts with thiobarbituric acid to 
form a chromogen. The binding of the bleomycin-iron complex to the DNA makes the 
reaction site specific and antioxidants rarely interfere. Thus, the iron detected by this 
method was a measure of iron available from the sample to bleomycin. The assay 
conditions prevent interference from iron containing proteins. Iron bound to transferrin, 
lactoferrin, ferritin or iron containing enzymes is not detected in the bleomycin assay 
(Gutteridge J.M.C., et al, Biochem J 799:263-265 (1981), the teachings of which are 
incorporated herein in their entirety). 

Specifically, the assay was performed as follows: 

Reagent preparation 

1 . Chelex-treated pyrogen free H 2 0 (Chelex H 2 0) 

Add 5 g chelex 100 resin (Bio-Rad, Cat#: 142-2842: 200-400 mesh, 
sodium form) to 100 ml pyrogen free water (Baxter) and shake well. 
Stand overnight at 4°C and filter off the Chelex with bottle filter system 
(0.22 [Jim filter). After Chelex treatment of all solutions used in the 
assay, the Chelex must be carefully removed to avoid contamination by 
resin. 

2. DNA(lmg/ml) 

Add 50 mg DNA ( Type I: calf thymus, Sigma D-1501) to 50 ml Chelex 
H 2 0 and allow to stand at 4°C overnight to effect solution. Treat this 
solution with 15 mg Chelex 100 resin overnight at 4°C and centrifuge at 
3000 rpm for 30 min to remove Chelex. If there are still some Chelex 
particles in the solution, centrifuge it again at 3000 rpm about 15 min. 
The reconstituted DNA is suitable for use in the assay for about 7 days 
after mixing when stored at 4°C. 

3. Bleomycin sulfate (1 U/ml) 

15 U bleomycin sulfate (Bleoxane, Nippon Kayaku Co. Ltd, Tokyo, 
Japan) in 15 ml Chelex H 2 0. The reconstituted bleomycin is suitable for 
use in the assay for about 1 month after preparation. 
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4. Magnesium chloride (50 mM) 

Add 0.1 g MgCl 2 ^H.O (FW. 203.3) in 10 ml Chelex H 2 0. Treat the 
solution with 3 g Chelex 100 resin and centrifuge at 3000 rpm for 10 min 
to remove Chelex. 

5. Hydrochloric acid (40 mM) 

33.2 \xl HC1 ( Ultrapure, Baker 6900-05) in 10 ml Chelex H 2 0. 

6. NaOH (40 mM) 

16 mg NaOH in 10 ml Chelex H 2 0. 

7. Ascorbic acid (8 mM) 

70 mg ascorbic acid ( FW. 176.1) in 1 ml Chelex H20. Treat the 
solution with 50 mg Chelex 100 resin and centrifuge at 3000 rpm for 30 
min to remove Chelex. Dilute 1 :50 with Chelex H20 before use. 
Prepare immediately prior to use in the assay. 

8. EDTA(0.1 M) 

0.37 g EDTA in 10 ml Chelex H 2 0. 

9. Thiobarbituric acid (TBA) (1% w/v in 50 mM NaOH) 

1 g TBA in 100 ml of 50 mM NaOH (NaOH prepared in Chelex H 2 0). 

10. HCl(25%v/v) 

25 ml HC1 (Ultrapure, Baker Catalog #6900-05) in 100 ml Chelex H 2 0. 

1 1 . Standard Iron 

16 mg FeCl 3 (FW. 162.2) in 10 ml Chelex H 2 0. Dilute 1:100 for stock 
solution (100 nmol/ml), then dilute 1:1 to make the standard 
concentrations as 50. 25, 12.5, 6.25, and 3.125 nmol/ml and Chelex H 2 0. 
Prepare standards immediately prior to use in the assay. 

Procedure 

1. To remove particulates, urine samples were centrifuged at about 3000 
rpm for about 10 min and the resulting supernatant used in the bleomycin 
assay. 

2. Place the following in a plastic tube in the following order: 
O.SmlDNA 

0.05 ml bleomycin sulfate ( for blanks add Chelex H 2 0) 
0.1mlMgCl 2 

0.1 ml standard Fe solution or urine samples 
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0.1 ml ascorbic acid 

3. Mix well before and after the addition of ascorbic acid. For each sample 
or standard prepare a parallel blank. The sample and standard blanks are 
identical to their test reaction mixtures except that bleomycin is omitted 

5 4. Adjust pH of all standards, samples and their blanks to about pH 7.2-7.8 

using 40 mM HC1 or 40 mM NaOH. 

5. Incubate all tubes in temperature controlled shaker at 100 rpm, about 
37 °C for about 2 h. 

6. Stop the reaction by addition of 0. 1 ml EDTA. 
10 7. Add 1 ml TBA and 1 ml 25% HC1 and mix well. 

8. Transfer the mixture into new or acid- washed glass tube and heat at 
about 100°C for about 15 min. 

9. Transfer the solution in to 4.5 ml cuvette after cooling and read 
absorbency at 532 run against the corresponding blank (without 

15 bleomycin). 

10. Calculate the amounts of bleomycin-detectable iron content in test 
samples from the standard curve obtained in each experiment. The 
absorbency of the zero standard (contains only Chelex H 2 0) reflecting 
iron contamination in the reagents is subtracted from all test samples. 

20 11. Urine bleomycin-detectable iron is expressed as nmol/mg creatinine. 

Creatinine in the urine sample is measured using a creatinine assay kit 
(Sigma Chemical Co., St. Louis, MO 555-A). 



Statistical Analysis 

Data were expressed as the mean ± SEM of nmoles catalytic iron/mg creatinine. 
25 Significant differences between group means was determined using an unpaired t-test. 
The patient data was compared to controls using a paired t-test and p-value of < 0.05 
was considered significant. 
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Results and Conclusions 

As shown in Figure 1, Table 1 and Table 2, urinary catalytic iron was elevated in 
patients with a wide variety of kidney diseases compared to patients without kidney 
disease. Thus, urinary catalytic iron plays a role in kidney disease and is indicative of a 
5 kidney disease in a human. 



EXAMPLE 2: TREATMENT OF PATIENTS WITH KIDNEY DISEASE WITH AN 
IRON CHELATOR. 

Selection of Patients with Kidney Disease 
10 The diagnosis of the kidney disease was made by performing a kidney biopsy 

and included patients with membranoproliferative glomerulonephritis, membranous 
nephropathy, focal segmental sclerosis, IgA nephropathy, and diabetes as described 
above. 

Iron Chelator Treatment of Patients with Kidney Disease 

1 5 Patients with kidney disease who had abnormally high urinary protein were 

treated with the iron chelator deferiprone (l,2-dimethyl-3-hydroxypyrid-4-one) (LI). 
Deferiprone was synthesized as previously described capsule (Kontoghiorghes A. J., et 
al, Inorganica Chimica Acta 136:Ll 1-L12 (1987), the teachings of which are hereby 
incorporated by reference in it entirety) and formulated into capsules containing 500 mg 

20 of deferiprone per capsule. 

Urinary protein and serum creatinine was measured as described above before 
the administration of deferiprone. Patients were treated by oral ingestion of deferiprone 
in a range between about 30 mg and about 75 mg deferiprone per kilogram body weight 
per day 3 times a day. Urinary protein and serum creatinine was obtained 2-6 months 

25 after the administration of the iron chelator. As shown in Table 3, treatment with the 
iron chelator significantly decreased the amount of total urinary protein and serum 
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creatinine in patients with kidney disease. Total urinary protein and serum creatinine 
measured before (e.g., pretreatment) and after the administration of deferiprone were 
compared using a paired t-test and p-value of < 0.05 was considered significant. 

These data show that the iron chelator treated the kidney diseases. Therefore, it 
is believed that the effect of catalytic iron can be significantly reduced or prevented 
from acting directly or indirectly on the kidney to injure the kidney, thereby causing 
kidney disease, which if left untreated (no iron chelator) would result in an increase in 
total urinary protein content and serum creatinine. 
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Table 1 : Urinary Catalytic Iron In Patients with Progressive Kidney Disease 
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SLE: Systemic Lupus Erythematosus; FSGS=Focal Segmental Glomerulosclerosis; 
HSP=Henoch-Schonlein Purpura; HUS=Hemolytic Uremic Syndrome; 
40 MPGN=Membranoproliferative Glomerulonephritis; Isch Neph=Ischemic Nephropathy 
SLE, HPS, HUS and Ischemic Nephropathy are secondary causes of renal disease. 
P compared to control value of 8.1 ± 1.4, n=23, using unpaired t test 

Isch Neph=Ischemic Nephropathy 
prot=protein 
45 Cr=creatinine 

CrCl=creatinine Clearance 
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TABLE 2: Urinary Catalytic Iron In Patients with Diabetic Nephropathy 

Microalbuminuria 



Age/Sex/Race 


24 hr prot 


Serum Cr 










(me/z4 nrs) 


(ms/dl) 


/ 1 ■ \ 

(ml/min) 


Catalytic Iron 
(nmol/mg creatinine) 


69 F 


W 




0.5 




CA 

59.3 


77 M 


w 




1.4 




84.1 


56 F 


w 




A 1 
U./ 




"7C Q 

75.y 


39 F 


B 




A 

0.6 




1 A O 

10.2 


47 F 


W 




1 A 
1.0 




A C 1 

4o.3 


C A X A 

50 M 


B 




1.3 


103.0 


23.0 


cz: \ a 

56 M 


W 




2.4 


46.0 


O 1 A 

Z1.0 


^ 1 \ A 

61 M 


w 




1.2 


90.0 


1£L A 

3o.O 


69 M 


w 




1.1 


77.0 


1 C A 
ZJ.O 


73 M 


B 




1.4 


54.0 


CQ A 


TO X A 

78 M 


W 




1.1 


71.0 


QO A 

oZ.O 


59 F 


B 




1.2 


116.7 


/I/I A 

44.0 


30 M 


B 




1.4 


68.0 


Q£ A 
5D.U 


Mean 










CA A 

jO.O 


SEM 










n a 
/.U 


Number 










1 "7 

13 


P 










-/-\ A A A 1 

<0.0001 






Diabetic Patients with Overt Proteinerria 




61 M 


B 


4800.0 


5.3 




CA 1 
JO.Z 


56 M 


B 


8000.0 


3.0 




OA A 

ZO.O 


67 F 


B 


3816.0 


3.1 


25.0 


4Z.U 


42 F 


W 


8300.0 


7.2 


10.0 


32.6 


51 F 


B 


11200.0 


2.8 


31.0 


53.8 


32 M 


W 


6899.0 


6.8 




44.5 


61 M 


B 


11363.0 


5.4 




30.2 


73 M 


W 


1064.0 


3.0 




27.3 


71 F 


B 


3200.0 


1.6 




49.0 


79 F 


W 


1350.0 


3.0 




25.0 


Mean 










38.0 


SEM 










4.0 


Number 










10 


P 










<0.0001 



P compared to control value of 8.1 ± 1.4, n=23, using unpaired t test 
Microalbuminuria is defined as urinary albumin between 30 to 300 mg/24 hrs as measured 
40 quantitavely in a 24 hour sample or by a dipstick in a spot urine. 



prot=protein 
Cr=creatinine 
CrCl=creatinine Clearance 
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TABLE 3: Urinary protein and creatinine levels in patients with kidney disease 
before and after treatment with an iron chelator 
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DPGN: Diffuse proliferative glomerulonephritis; MPGN: Membranoproliferative 



glomerulonephritis; FSGS: Focal segmental glomerulosclerosis 
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EQUIVALENTS 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
5 spirit and scope of the invention as defined by the appended claims. 



